SUMMARY Early differences in hemodynamic variables and vasoactive substances between progeny of hypertensive and normotensive parents were sought in normotensive children aged 10-17 years. Forty-two black and 34 white children of hypertensive parents (cases) and an age-balanced group of 20 black and 45 white children of normotensive parents (controls) underwent exercise stress testing. Blood pressure, heart rate, urinary electrolytes, kallikrein, and prostaglandin E-like material, plasma renin activity, and norepinephrine were measured before, during, and after exercise. Analyses compared the findings of four subject groups: black cases with black controls, white cases with white controls, black cases with white cases, black controls with white controls. Based on a family history of hypertension, significant familial differences were found: Black cases "were larger" (p = 0.003) when compared to black control subjects and had higher resting systolic, dlastolic, and maximum exercise diastolic blood pressures, and higher postexercise plasma renin activity (p = 0.04); white cases also were larger (p = 0.004) in comparison with white controls and had higher postexercise heart rates, higher preexercise urinary prostaglandin E-like material, and lower plasma norepinephrine after exercise (p < 0.05). Significant racial differences were noted in heart rate, blood pressure, urinary electrolytes, and other biochemical substances. Among the cases, black/white comparisons showed that blacks had lower postexercise heart rates, and higher resting and maximum exercise systolic and diastolic blood pressures (p < 0.04 for these comparisons). Additionally, blacks had higher preexercise urinary sodium excretion, lower preexercise urinary potassium excretion (p < 0.003), and lower plasma renin activity before and after exercise (p < 0.003). Finally, urinary kallikrein excretion before and after exercise was lower in blacks (p < 0.03). While blood pressures were similar among the black and the white controls, comparisons revealed that the blacks had higher preexercise sodium and potassium excretion (p < 0.005), lower plasma renin activity at all levels of activity, and lower plasma norepinephrine 10 minutes after exercise (p < 0.05). Thus, significant intraracial and interracial differences in physiological and biochemical variables, thought to be related to the development of hypertensive diseases, have been detected in normotensive children categorized according to a family history of hypertension. With use of these variables, the black case children can be separated from the other three groups and may have increased risk for the development of adult onset hypertension. 
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Considerable information has been published concerning the familial aggregation of hypertension. Paffenbarger et al. 5 in 1968 reported that a parental history of hypertension was correlated with the development of the disorder in youths followed into later years. Familial aggregation of blood pressures through childhood was established by Zinneretal. 6 in 1971. Bianchi and coworkers 7 in a study of 84 families found that normotensive subjects with two hypertensive parents had a 45% probability of developing hypertension while subjects with two normotensive parents had only a 3% probability of doing so. Stamler et al. 8 found in a nationwide screening program that a positive family history was associated with a hypertensive prevalence double that found without such a history.
It has been postulated that higher blood pressure at young ages correlates with hypertension at older ages. The Framingham study 9 showed that levels of adult blood pressures earlier in life appear to be predictive of levels later in life. The Tecumseh study 10 extended this observation to indicate a positive correlation between parents and their children. More recently, both the Bogalusa heart study" and the Muscatine study 12 suggested tracking of blood pressure in children. Fortyone percent of the Bogalusa children and 30% of the Muscatine children had blood pressures in the same deciles on repeated examinations over 2 to 6 years. Kilcoyne 13 stated that "the individual's own blood pressure pattern throughout the years is most helpful" in predicting hypertension, but warned that we have only rudimentary knowledge of the natural history of primary hypertension emerging during adolescence.
Our approach to the search for predictors of adult onset hypertension was to perform comprehensive physiological and biochemical assessments in selected populations of young people from hypertensive and nonhypertensive families. The hypothesis under test was that familially influenced physiological or biochemical differences exist between progeny of hypertensive parents and progeny of normotensive parents and that exercise stress might enhance these differences. Biracial study populations were selected from the coastal areas of South Carolina where a high prevalence of hypertension exists.
M The hypothesis was tested by comparing measurements made in children with or without predisposition (family history) of hypertension. In the course of a planned long-term study, we have already observed significant differences in certain physiological and biochemical measurements between normotensive progeny of hypertensive and normotensive parents of both black and white races.
Subjects and Methods

Study Population: Selection and Characteristics
Case and control subject groups were selected from the Medical University of South Carolina Family Practice Center, which cares for approximately 9300 patients whose race, sex, and social class characteristics are representative of the population of the Charleston, South Carolina, standard metropolitan statistical area.
Case Subjects
Study participants for the case subject groups were selected from the Center registry on the basis of their being healthy, between 10 and 17 years of age, and with at least one parent whose diastolic blood pressure was equal to or greater than 95 mm Hg on at least three separate occasions before age 50 years. These blood pressures were obtained from those taken routinely on each parent at each clinic visit. They were casual, first, seated, right-arm measurements using standard adultsized cuffs and mercury sphygmomanometers with Korotkoff Phase V sounds taken for the diastolic readings. Participation of all children from 275 identified hypertensive families meeting these criteria was sought. Many of the children were too old for inclusion in our study; but of those asked, a 90% response rate was achieved. Forty-two healthy black and 34 healthy white children fulfilled the criteria and with their parents' approval agreed to participate in the study.
Control Subjects
The control subject groups were identified by the fact that both of their parents had diastolic blood pressures, taken as described above for case subject parents, equal to or less than 90 mm Hg on all occasions. Twenty healthy black (all available consenting individuals from two-parent families) and 45 healthy white children (those first consenting from 1107 two-parent families enrolled in the Family Practice Clinic) met these criteria and agreed to join the study. The case/ control terminology is used throughout the paper.
Study Protocol
The study protocol was explained to all children and parents, and written informed consent for participation in the study was obtained. The protocol was approved by the Institutional Review Board for Human Research of the Medical University of South Carolina.
Following an overnight fast, consenting children came to the Pediatric Performance Laboratory with one or both parents at 8 a.m. on the day of their test. On arrival, height and weight measurements were taken. Then, after voiding to completely empty the bladder, the subject drank 10 ml/kg of liquid breakfast which contained 42.5 mEq/liter sodium, 85.0 mEq/ liter potassium, and 420 calories per liter. The subject drank an additional 10 ml/kg water during the 2-hour preexercise urine collection period to facilitate urine production. After history and physical examinations, blood pressure measurements were made using a mercury sphygmomanometer. A 12-lead ECG was obtained. Next, a 19-gauge plastic cannula was inserted into an antecubital vein. Four 10 ml blood samples were obtained for biochemical measurements. The first (Sample 1) was taken after the subject rested in the supine position for 30 minutes, and the second (Sample 2) after standing for 30 minutes, which was 1 minute prior to exercise. After the subject entered the exercise room, ECG leads and a blood pressure cuff were attached. The subject then voided completely at the end of this 2-hour preexercise period, and the timed specimen was sent for biochemical analyses.
Next, the stress exercise test was carried out. During exercise and for 10 minutes thereafter, the ECG was recorded automatically for 10 seconds each minute. Left arm blood pressures were also recorded at 1 -minute intervals using a Narco programmable electrosphygmomanometer. One minute after stopping active treadmill exercise, another 10 ml blood sample (Sample 3) was taken with the subject walking. A final 10 ml blood sample (Sample 4) was taken under similar circumstances at 10 minutes postexercise. The intravenous cannula was then withdrawn and the subject allowed to move about freely while drinking water at the rate of 10/ml/kg/hour for the 2-hour postexercise observation and urine collection period. Following an Mmode echocardiogram and after a second 2-hour urine specimen was obtained for biochemical analysis, the subject was given lunch and dismissed.
Physiological Measurements
The height of each child was measured in stocking feet, in the erect position, with a centimeter rule and an extension which met the cranial surface at a 90° angle. The weight of each child in light street clothing and stocking feet was measured on a kilogram scale. Quetelet's index was calculated from these measurements according to the formula: weight, in kilograms, divided by height in centimeters squared multiplied by 100." Initial heart rates were measured by radial pulse palpation for a full minute, three times in succession. The first seated heart rate, the first standing heart rate prior to exercise, the maximal exercise heart rate, and the rate 10 minutes after recovery from exercise were analyzed as representative of each subject's heart rate under varying conditions. After obtaining the medical history from parent and child, a physical examination of the heart, lungs, and sex characteristics for Tanner typing 16 ' " was carried out. The initial blood pressures were taken using a cuff with a bladder which was equal to or greater than twothirds of the arm length and encircling three-fourths of the arm. The first and fourth Korotkoff sounds (K, and K^) were used as indicating systolic and diastolic blood pressures respectively. Pressures were taken three times in the supine, sitting, and standing positions by the project nurse practitioner using a standardized technique of cuff inflation and deflation. The systolic and diastolic means of the three initial blood pressure recordings as well as the standing preexercise, maximum exercise, and 10-minute postexercise recovery pressures were analyzed. The 12-lead preexercise ECG was analyzed immediately for abnormalities of rhythm and voltage but none were observed in any patient.
Exercise stress testing was carried out on a treadmill, each subject walking according to a modified Balke protocol 18 at a constant rate of 3.5 mph with a slope increase of 2%/min up to a maximum of 15 minutes and 28%. The test was terminated earlier if the subject complained of excessive fatigue or dizziness or if blood pressure began to fall. Heart rates were measured immediately prior to, during, and for 10 minutes after exercise from the automatically recorded ECG.
Special care was taken to analyze for possible ST segment shift as an indication of myocardial overload, but none was observed in any test subject. Exercise blood pressures were recorded by the Pediatric Performance Laboratory technologist with a Narco programmable electrosphygmomanometer recording Korotkoff sounds by microphone amplification.
Biochemical Measurements
Blood samples were analyzed for sodium, potassium, creatinine, hemoglobin, hematocrit, plasma renin activity, and norepinephrine. Urine determinations were made for sodium, potassium, creatinine, immunoreactive prostaglandin E-like material (iPGE) and kallikrein.
Serum and urine sodium and potassium were measured with a flame photometer (Instrumentation Laboratories, Cambridge, Massachusetts). Creatinine in blood and urine was measured by the autoanalyzer method (Programachem 1040, Harrisburg, Pennsylvania). Blood hemoglobin was measured by the cyanmethemoglobin procedure for manual methods using a Leitz photometer. The hematocrit was determined using a standard centrifugation technique.
Plasma renin activity was measured using a modification" of a previously described radioimmunoassay technique for angiotensin I. 20 Plasma renin activity is expressed in ng/ml/hr, and represents the amount of angiotensin I generated at 37° C, minus the amount present in the sample at 4° C. Plasma was analyzed for norepinephrine by the radioenzymatic method of Henry et al. 21 and Privitera et al. 22 Immunoreactive prostaglandin E-like material (iPGE) in urine was measured by the radioimmunoassay method of Halushka et al. 23 No postpubescent males were included in this assay since it was not possible to eliminate seminal contamination of the urine. Therefore, there are fewer corresponding values for iPGE than for the other urinary variables. Urinary kallikrein was assayed using the radiochemical esterolytic method of Beaven et al. 24 as modified by Margolius et al."
All biochemical measurements were made in a singleblind fashion upon coded samples. Not every child had every measurement made, due to unavoidable circumstances such as inability to insert a cannula into an antecubital vein, clotted cannulas, or inability to void on schedule.
Quality Control
Hearing of the blood pressure observers was checked annually and found to be normal. The reliability (percentage of blood pressure measurements that were reproducible within ± 5 mm Hg) and validity (percentage of values that were within ± 5 mm Hg of the valid measurement determined by a panel of experts) of their techniques were tested at 3-month intervals using a United States Public Health Service film on blood pressure measurement. Performance over the period of the trials was: reliability for K, -87%, K 4 -97%; validity for K, -93%, K 4 -87%. In addition, both nurse practitioner and technologist made simultaneous exercise blood pressure recordings in randomly selected subjects with no significant differences in recorded systolic or diastolic pressures. Finally, blood pressures recorded with the Narco apparatus were compared with intraarterial pressures obtained from 15 cardiac catheterization subjects through the course of the present study. No significant discrepancies were found.
Quality control samples for every biochemical measurement were analyzed at 3-month intervals. The variability of the biochemical analyses as measured by coefficient of variation (CV) ranged between 1.5% (serum sodium) and 17.8% (plasma renin activity); mean CV was 7.2%.
Data Management and Analysis
The different types of data, i.e., historical, physiological and biochemical, were recorded upon specially designed forms and forwarded to the Department of Biometry. This information was visually edited, keypunched, verified, and entered into a computer-based information system, Statistical Analysis System (SAS), 26 using an IBM 370/148 computer. The computer record for each subject was updated as additional information was obtained. The SAS was utilized to: select data sets for analysis, generate descriptive statistics on variables of interest, perform analyses of variance, and perform analyses of covariance to control for concomitant variables,
Results
General Physical, and Hematologic Characteristics
Characteristics of the study subjects and their parents are shown in table 1. The black mothers and both of the white hypertensive parents were heavier than the normotensive ones. Most hypertensive parents were on treatment programs which allowed over 50% of them to become normotensive at the time of subject study entry. Only 10% of the hypertensive parents had labile blood pressures, i.e., had normotensive readings without treatment. The parents' blood pressures were corrected to a standard age of 40 years to eliminate any factor of age bias. When the general characteristics were compared between the case and control study subjects, it was found that the black case children, like their parents, were larger than their black control counterparts (p < 0.05) (i.e., the cases had higher weights, body surface areas, and Quetelet values). The case children also had higher hemoglobin levels. Among the whites, both the case children and their parents were also larger (p < 0.05) than their control counterparts, but the case children had lower hemoglobin levels (p = 0.04). Tanner types were similar in cases and controls of each race. The sex ratio was similar in both case and control groups, with 23 female and 19 male blacks and 12 female and 22 male whites among the cases. Likewise, there were 12 female and 8 male blacks and 24 female and 21 male whites among the controls. In the analyses, no attempt was made to control for sex because of small numbers in some of the sex subgroups.
Interracial comparisons of table 1 data were also carried out. Black case children did not differ from their white counterparts in any of the general variables measured. In addition, Tanner types did not differ significantly between races in either males or females. Black/white comparisons of the general characteristics of control subjects revealed that the children differed only in their hemoglobin and hematocrit levels. While not anemic, the black controls had lower values (p = 0.01).
Heart Rates
Comparison of the black case and control children failed to disclose any significant differences in heart rate, with the mean of the rates of all black children rising from 71 bpm at rest to 189 bpm at maximum exercise. Similarly, there were no differences in heart rate at rest or at maximum exercise between white cases and controls. However, the recovery heart rates of the white cases at 10 minutes after exercise were significantly higher than those of the white controls (122.2 vs 115.2 bpm, p = 0.03, see table 2). When age corrections were applied to these data, significant changes were not found. Heart rate responses of the black and the white cases were also compared, using data from table 2. Significant differences were not found, with the exception of the 10-minute postexercise heart rate. In the latter situation, the mean heart rate of the white cases was 122.2 vs 113.0 bpm (p = 0.02) for the black cases. When table 2 heart rates of black control children were compared with those of white control children, no differences were found.
Blood Pressures
All study subjects were normotensive. However, both systolic and diastolic resting (prestress) blood pressures (table 3) were significantly higher (p < 0.05) in the black cases than in the black control children, in all positions. At maximum exercise, the diastolic blood pressure was also significantly higher in the black cases compared to the black controls. In contrast, the blood pressure measurements among the white children did not differ in any of the same 12 comparisons made in table 3. When black cases were compared to white cases ( fig. 1 ), systolic and diastolic blood pressures were for the most part significantly higher in the black case children than in the white case (and control) children. No such differences were found between the black and white control children.
Echocardiograms
Neither intraracial (case/control) nor interracial cardiac output determinations differed.
Biochemical Measurements Intraracial Comparisons
There were only a few differences in plasma or urinary biochemical measurements when intraracial comparisons were made between cases and controls (table  4) . Black cases and black controls differed only in postexercise plasma renin activity (p = 0.04), while white cases only differed from white controls in preexercise urinary prostaglandin E-like substance (p = 0.05) and in the 10-minute postexercise plasma norepinephrine level (p = 0.03).
Interracial Comparisons
A number of significant biochemical interracial differences were observed, as shown in table 5. Urinary sodium excretion was significantly higher (p = 0.002) in the black than in the white case children, both before .0 Heart rate 1 = 1st seated heart rate in prestress laboratory. Heart rate 3 = Immediate preexercise heart rate in stress laboratory. *Case/control comparison difference p < 0.05. Abbreviations: SD = standard deviation; HR = heart rate; min = minute. •Case/control comparison difference p < 0.05. Abbreviations: no. = number of patients; SD = standard deviation; U Na + V = excretion; U Kail V = urinary kallikrein excretion; EU = esterase units; U iPGE V = plasma renin activity; ex = exercise. urinary sodium excretion; U K + V = urinary potassium = urinary prostaglandin E-like substance excretion; PRA and after the exercise stress test. Conversely, urinary potassium excretion was significantly lower (p < 0.004) in the black case children compared to the white case children. The pre-and postexercise sodium (p < 0.05 and 0.005), and preexercise potassium excretion (p < 0.01), also differed significantly between the black and the white control subjects. Urinary kallikrein excretion was significantly lower in black versus white cases, before and after exercise (p < 0.05). The urinary excretion rate was not changed by the exercise procedure itself. Black controls' kallikrein excretion did not differ from that of white controls. Urinary iPGE was not different between the races, in either the case or the control populations, and likewise was not changed by the exercise procedure. Black case children had significantly lower (p < 0.0005) plasma renin activity than white case children at all four measurement times. Plasma renin levels also differed significantly between black and white control subjects, with the blacks again having the lowest values (p < 0.005). All groups responded to changes in posture, from recumbent to standing, and to exercise with increased renin levels. In contrast, while plasma norepinephrine values increased similarly in response to posture changes and exercise, they did not differ between the racial groups save for the 10-minute postexercise level of plasma norepinephrine found between the control black and the control white children (p < 0.05). When the biochemical data were corrected for age and size, the same significant black/white differences remained evident for both the cases and controls.
Size Adjustments
The data in tables 3, 4, and 5 were adjusted for Quetelet index, weight, and height. The results are included in the Appendix (tables A-l through A-6). Only those differences that remained significant at p < 0.05 are listed. 
Discussion
Case Subject Selection and Characteristics
The biracial group of case study subjects was selected on the basis of a family history of diastolic hypertension. By definition, their parents had significantly higher age-adjusted systolic and diastolic blood pressures than those of the controls' parents. Both the hypertensive black and the white mothers were significantly heavier than the normotensive mothers, whereas among the fathers only the hypertensive whites were significantly heavier. For the most part, the black case children entered the study on the basis of maternal hypertension, while the white cases were mainly enrolled on the basis of paternal hypertension (table 1, parents). Whether any bias was introduced by the parents' blood pressure patterns is unclear. Since the blood pressures of the parents of the study population were age corrected, however, and had race, sex, and social characteristics typical of our area, we believe the case subjects compose a representative sample of young people from our area. Indeed, the balance of age, body surface area, Quetelet, hemoglobin, hematocrit, and creatinine characteristics of these young people is such that statistical differences in these characteristics were not demonstrated between the case children of the two races.
Control Subject Selection and Characteristics
A similar aged biracial group of adolescents was selected to serve as controls, on the basis that both parents were normotensive on all occasions. Black control subject recruitment was difficult since many potential candidates had at least one hypertensive parent and others were from single-parent families. As a result, the black control group is smaller than the others. The black control mothers, although normotensive, had significantly higher pressures than the white control mothers (table 1, parents). Control subjects were well matched for age, size, and creatinine. However, hemoglobin and hematocrit values were found to be higher in white controls than in black controls. Red blood cell volume and hemoglobin are related to blood viscosity and cardiac output. 27 However, no differences in cardiac output were demonstrable by echocardiographic techniques.
Genera] Case/Control Comparisons
It has been generally known that size and hemoglobin level relate positively with blood pressure. Schieken et al., 28 as well as Harlan and coworkers, 29 found that the tallest and heaviest children in their studies had the highest blood pressures. Likewise in our study, the black cases who had the highest blood pressures (table  3) were larger and had higher hemoglobins than the black controls (table 1) . Among the whites, the case subjects were larger but had lower hemoglobin than the controls. In these white individuals, case/control blood pressure differences were not found.
Heart Rates
Although other workers have shown rapid heart rate to be predictive of hypertension, 30 -31 intraracial comparison of case/control heart rates revealed no differences among the blacks (table 2). In the whites, postexercise recovery heart rates were higher in the case study subjects. However, no apparent implication of this finding for blood pressure was noted, as the white case blood pressures were not different from the white controls. Interracial heart rate differences were not found in either the cases or the controls, except for postexercise recovery rates that were lower among the black cases, the group with higher blood pressures ( fig. 1 ). These findings are consistent with those of Voors and coworkers 32 who previously concluded that heart rates are not elevated in the high blood pressure stratum of black children.
Blood Pressures
The literature concerning racial differences in blood pressure among adolescents contains conflicting reports. Several studies have shown that black youths had generally higher systemic arterial pressures than young whites. 33 " 35 In Evans County, Georgia, McDonough et al. 35 noted in 1964 that black males aged 15-24 years had significantly higher diastolic, but similar systolic, blood pressures when compared to white males. Likewise, they found that black females of the same age group had significantly higher systolic and diastolic blood pressures than white females.
Other studies have reported opposite findings with generally higher pressures among white young people. 3 *- 37 Goldring et al. 37 in 1977 reported 6944 blood pressure measurements in Saint Louis adolescents aged 14-18 years. The white males had significantly higher mean systolic and diastolic blood pressures than the black males, in all age subgroups. The females of both races had similar systolic pressures; however, in the 14-, 16-, and 18-year-old subgroups the diastolic pressures were significantly higher in the whites.
Finally, several groups have reported that significant differences in blood pressure between whites and blacks could not be found in children.
38 w Zinner and coworkers 39 found no significant racial differences in blood pressure in 365 children aged 2-14 years at the onset, the midpoint, or the conclusion of their 8-year study in 1975.
The reasons for these disparate findings and conclusions may include such factors as methods of subject selection, blood pressure measurement, patient weight, genetic background, nutritional status, diet, state of health, ability to excrete sodium, climate, time of day, and social class. Fixler et al. , w in a review of several large blood pressure surveys of pediatric populations, suggested that biasing factors and lack of standardized methodology resulted in inconsistent findings among the studies.
All of our study subjects (mean age about 14 years) were normotensive by current criteria.
18 4I However, of the systolic and diastolic pressures selected for analysis (table 3), significant differences between the black cases and the black controls were found in all preexercise systolic and diastolic pressures, as well as the maximum-exercise diastolic pressures. When adjusted for indices of obesity (tables A-l through A-6), significant differences persisted in supine, seated, and postexercise blood pressures. In contrast, the white case blood pressures did not differ from their corresponding white controls, save for several obesity indices adjusted measurements. Most noteworthy in this study was a comparison of the blood pressures between black cases and white cases ( fig. 1 ). Significant differences were seen at most levels of activity in both systolic and diastolic pressures. With few exceptions, these differences were still present when adjustments were made for height, weight, and height/weight ratios. Black controls and white controls, however, did not differ in blood pressure at any level of activity, including adjusted measurements. Thus, the black study children of hypertensive parents, while having blood pressures in the normotensive range, had higher pressures than their white counterparts and their black peers whose parents were normotensive. It remains to be seen by future study whether these black children will develop persistent hypertension with greater frequency than the other study subjects.
Stress exercise testing has given variable results when comparing hypertensive and nonhypertensive individuals. 42 " 14 Kilcoyne 42 noted higher blood pressure responses with exercise and stress in adolescents with a family history of hypertension or with labile hypertension than in normal control subjects. Nudel et al. 43 reported higher blood pressures with exercise in hypertensive adolescents than in those with normal or labile blood pressures. However, Fixler et al. 44 felt that exercise testing added little to the prediction of blood pressure levels. In our study, exercise systolic blood pressure differences were not found between cases and controls. However, black cases had higher maximal exercise diastolic blood pressures than their control counterparts (table 3) . Black/white case comparisons ( fig. 1 ) also showed exercise blood pressure differences. Thus, while exercise testing may offer some additional information concerning blood pressure levels in adolescents who may be at risk for developing hypertension in later life, such testing did not appear to generally enhance group differences in our study.
Sodium and Potassium
If sodium and potassium excretion is assumed to equal ingestion, then the lack of excretion differences between the case and control groups (table 4) suggests similar intakes of these electrolytes among the blacks of both groups, as well as in the whites of both groups. In contrast, the differences in electrolyte excretion between races (table 5) suggest that both case and control blacks consume more sodium and less potassium than corresponding whites. Thus, among our study adolescents with a family history of hypertension (cases), dietary sodium and potassium may be importantly related to the fact that the black case subjects had higher blood pressure than the whites ( fig. 1) . Similarly, sodium excretion was found by Voors et al. 45 to positively correlate with blood pressure in the Bogalusa black children in the high pressure stratum, but correlations with family history were not made. When our study black control children were compared with white control children, essentially the same resting blood pressures were found despite an apparently greater intake of sodium and lower intake of potassium in the blacks. Accordingly, it may be speculated that black children with a family history of hypertension handle sodium and potassium differently than those without such a history. Determination of their blood pressures later in life would be of interest. Further study of sodium and potassium metabolism in these children may yield important clues to the development of subsequent hypertensive diseases.
Our findings suggesting different sodium intakes in black and white children are at variance with the results of Grim et al. 46 who noted that in Evans County, Georgia, adult blacks and whites ate similar amounts of sodium. However, these Evans County black adults did consistently ingest less potassium than the whites. Watson et al. 47 and Voors et al. 45 also reported black children had lower potassium excretion than white children.
Review of the effect of potassium on blood pressure 46 ' ** 49 indicates that increased potassium ingestion may lower blood pressure. Evidence exists that potassium is protective against the hypertensive effects of excessive sodium in the diet. 48 In studies previously cited, 4!M7 there was decreased potassium ingestion among blacks. Hence, the tendency toward higher blood pressures in black case children may be related to decreased potassium ingestion (and excretion). However, the black control group had pressures similar to the white groups, accompanied by equally reduced potassium excretion. Thus, the relation of potassium ingestion and excretion to blood pressure in the black case and control children is unclear but provides questions for further study.
Plasma Renin Activity
Comparisons of plasma renin activity between black children categorized by family history of hypertension have not been reported. However, previous reports 32 -** found that black children and adults with higher pressures had lower plasma renin activity levels than those with lower pressures. That is, in blacks an inverse relationship between plasma renin activity and blood pressure was described. In our study, this relationship did not exist. Rather, black cases tended to have higher plasma renin activity than black controls (table 4) despite higher blood pressures (table 3) . In white children, there was no relation between plasma renin activity and categorization as a case or control. As seen repeatedly in the past, 3246 -50 " our black subjects, cases or controls, had clearly lower plasma renin activity than did white subjects (table 5) . A partial explanation for these findings may rest in the high sodium excretion (and ingestion) of the blacks. Further study of renin-blood pressure-electrolyte relations in these groups of children during periods of controlled electrolyte intake would be of interest, especially in black children of hypertensive parentage.
Urinary Kallikrein
Urinary kallikrein excretion rates were, in general, similar (table 4) . Even the black case children (with the highest blood pressures) had kallikrein levels similar to their age-balanced controls. However, black cases had lower kallikrein excretion rates than white cases (table  5) . Comparison of pooled excretion rate data from all black children versus all white children (0.410 ± 0.31 versus 0.523 ± 0.33 EU/2 hours, p < 0.05) confirmed the findings of Zinner et al. 52 of lower urinary kallikrein in black versus white children. Regardless, the similar kallikrein excretion rates between black and white control children, despite marked differences in electrolyte excretion, tends to disassociate urinary kallikrein from these parameters of electrolyte metabolism in children. Similarly, the identity of kallikrein levels in the black case versus control children, despite significant differences in blood pressure (table 3) , tends to disassociate urinary kallikrein from these differences. An increasing appreciation for the complexity of interrelations among renal hormonal and vasoactive systems, blood pressure, and electrolyte metabolism suggests that additional attempts to examine any of these factors in normal children be carried out with a better control of variables now known to differ among groups of them, e.g., sodium and potassium intake.
Urinary Prostaglandin E-Llke Substance Urinary iPGE levels were also similar among all study groups. The significance of the difference between the preexercise urinary iPGE excretion in white cases and white controls (table 4) is unknown and may possibly be a statistical artifact. While PGE has been shown to influence renal salt and water metabolism, it is uncertain at this time as to whether renal PGE participates in the pathogenesis of hypertension.
Plasma Norepinephrine
While plasma catecholamine levels in relation to hypertension have been studied extensively, 53 equivocal clinical results have been reported. Lake et al. 54 found no difference in the peripheral sympathetic nervous system activity between normotensive and hypertensive adults. On the other hand, McCrory and associates 55 reported differences in resting levels of plasma norepinephrine between normal and hypertensive adolescents. Sever et al. 5 * found white hypertensive patients had a greater rise in norepinephrine on arising than did black hypertensive subjects and that there was an inappropriate increase in plasma norepinephrine in the young hypertensive individuals, indicating sympathetic overactivity. They suggested that the sympathetic nervous system may be important in early states of hypertension, i.e., those predisposed to hypertension had exaggerated increase in vasoconstrictive sympathetic substances with stress. Esler and coworkers 57 noted that mild high-renin essential hypertension was predominantly neurogenic in origin as a result of increased sympathetic nervous system activity. Others 58 have reported that low-renin primary hypertension was commonly associated with lower sympathetic nervous system activity.
With the exception of higher plasma norepinephrine 10 minutes after exercise in the white control group, our plasma norepinephrine findings (tables 4 and 5) did not demonstrate case/control racial differences. However, norepinephrine levels in all study groups showed a remarkable relationship with posture and exercise states. This emphasizes that the timing of our sampling and analytical techniques was sensitive to physical activity as previously reported. 53 ' 55 The reason for finding little difference in norepinephrine values between our subject groups is not clear, but may be related to the fact that none of the subjects was hypertensive at the time of the study.
Conclusions
In this study, differences in physiological and biochemical factors related to hypertension were sought in a young biracial group of cases and controls. Significantly higher blood pressures were found in the black offspring of hypertensive parents (cases) than of normotensive parents (controls) or of the offspring of white parents (cases or controls). Exercise testing added confirming information to these findings, but did not enhance group differences. The blood pressure findings do not appear to be related to ponderosity for, while the black cases were the largest subjects, when the data were adjusted for obesity indices most of the differences persisted. Perhaps a familial trait may be operating, in that the black case children's mothers were larger and had higher diastolic pressures than the other parents. The data suggest that the black case youths are at increased risk for adult-onset hypertension. It is recognized, however, that this hypothesis requires further study.
It also appears that sodium and potassium effects are different in black case children than in black controls.
While sodium intake (excretion) was high and potassium intake (excretion) low in both black case and control groups, the cases had higher blood pressures. To assess familial impact, blood pressures of the black controls need to be obtained in later life. Clues to the development of hypertensive diseases may be furnished by further study of environment as it concerns electrolyte metabolism, relating sodium to potassium intake/excretion, in black cases and controls.
Black/white comparisons revealed that black children had higher sodium and lower potassium excretion than white children. Plasma renin activity and urinary kallikrein excretion were also lower in blacks. Important information remains to be acquired concerning the interaction of these parameters when electrolyte intake is controlled. Thus, our study, while uncovering significant factors in the mosaic that is hypertension, has raised questions that, if answered, may furnish data to support the development of preventive programs for persistent hypertension. No standard deviation shown since covariance analyses were used. *p < 0 05. Abbreviations. BP = blood pressure; min = minute; ex = exercise; U Na + V = urinary sodium excretion; U K + V = urinary potassium excretion; UKall V = urinary kallikrein excretion; EU = esterasc units; PRA = plasma renin activity. Abbreviations: BP = blood pressure; min = minute; ex = exercise; U Na+V = urinary sodium excretion; U K + V = urinary potassium excretion; UKall V = urinary kallikrein excretion; EU = esterase units; PRA = plasma renin activity. No standard deviation shown since covariance analyses were used.
*p < 0.05. Abbreviations: BP = blood pressure, min = minute, ex = exercise; U Na + V = urinary sodium excretion; U K + V = urinary potassium excretion; UKall V = urinary kallikrein excretion, EU = esterase units; PRA = plasma renin activity. No standard deviation shown since covariance analyses were used.
*p < 0.05; tp < 0.005; Xp < 0.0005. Abbreviations; BP = blood pressure; min = minute; ex = exercise; U Na + V = urinary sodium excretion; U K + V = urinary potassium excretion; UKall V = urinary kallikrein excretion; EU = esterase units; PRA = plasma renin activity. 
